Context: Early and accurate recognition of the deteriorating hospitalised child is complex. Paediatric track and trigger systems (PTTS) support clinical decisionmaking by 'tracking' the child's condition through monitoring of clinical signs and 'triggering' a request for an appropriate review when pre-determined criteria are breeched.
Conclusion
There is now some limited evidence for the validity and clinical utility of PTTS scores. The high (and increasing) number of systems is a significant confounder.
Further research is needed particularly around the thresholds for the vital signs and the reliability, accuracy and calibration of PTTS in different settings.
Background
Effective management of clinical deterioration in hospitalised children is a priority for healthcare professionals, patients and carers alike. Optimal care for a deteriorating child is complex.
1 It requires that: signs and symptoms of deterioration are recognised by ward staff; staff are empowered to call for assistance promptly;
the assistance is readily available and appropriately skilled; and the interventions arising from this response improve outcomes. The first 'link' in this chain is early, accurate recognition of clinical deterioration. This is frequently inadequate. [2] [3] [4] A number of tools are available to help staff identify deteriorating children. These 'early warning systems' prompt calls for senior assistance with changes in vital signs or other parameters. 5 In 2005 21.5% of UK paediatric centres reported using an 'early warning system'; 6 this rose to 85% by 2013. 7 Many different systems are in use but they appear in two main forms: 'score' and 'trigger'-based systems. Score- 'triggers' a pre-determined response. Unlike score-based systems, trigger-based systems result in a dichotomous 'all or nothing' response. This typically means activation of a rapid response system (RRS) (also known as 'critical care outreach', 'rapid response' or 'medical emergency' teams). Although there are differences between these types of tools, they share two common characteristics: the ability to 'track' the child's condition through ongoing monitoring and the facility to 'trigger' a request for an appropriate clinical review. Therefore, for the purpose of this review, score and trigger-based systems will be collectively referred to as paediatric track and trigger systems (PTTS).
The ideal PTTS utilises routinely monitored clinical signs, is simple to use and acceptable to users with robust validation in a relevant population. 5 As with all clinical prediction tools, there is an important trade-off between sensitivity and specificity. The overall predictive performance of a tool is most commonly summarised by the area under the receiver operator characteristic (AUROC) curve, with values greater than 0.7 regarded as useful. Score-based systems should also have acceptable calibration, and accurately classify children into low, medium and high risk categories. 8 As score-based PTTS are generally used with an action/escalation plan, calibration indicates the appropriateness of the response to each PTTS score in light of the degree of risk.
We conducted a systematic review of PTTS performance in 2009 and reported that the evidence on validity, calibration, reliability and utility was weak, and adoption of PTTS into clinical practice could not be recommended (findings summarised in supplemental data Table A) . 5 Since this work there has been widespread implementation of PTTS and an increase in the literature describing their predictive performance. This updated systematic review is necessary to reconsider these recommendations.
Objectives
This review was undertaken to examine the key characteristics of PTTS and to appraise the evidence on their validity, calibration and clinical utility.
Methods
Paediatric track and trigger systems were defined to be any system which attempts to identify hospitalised children who are at risk of, or suffering from, critical deterioration through ongoing monitoring of clinical signs. Children in critical care, emergency room and theatres were excluded as they have differing staffing and monitoring strategies.
The review protocol rigorously adhered to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach. 9 The review was framed using the PICO criteria (Table 1) . Quality of evidence was assessed as high, moderate, low or very low using the GRADE approach where randomised controlled trials start as high quality evidence, and observational studies as low level. Five factors can lead to evidence being downgraded and three factors may result in evidence upgrade. Results are presented as an evidence profile, a detailed assessment of the quality of the evidence together with a summary of the findings for each outcome. Where sufficient detail was provided, the risk ratio (RR) and 95% confidence intervals (CI) for each outcome were calculated. Results were separated into studies examining the introduction of a PTTS alone and those introducing a PTTS as part of a package of interventions, such as a RRS. Predictive validity was also summarised. There were no amendments to the protocol during the study.
Inclusion criteria
 Randomised controlled trials and observational studies describing the effect of PTTS (either alone or as part of a package of interventions) on ward inpatient outcomes (listed in Table 2 ).
 Observational studies describing the performance of PTTS in detecting these outcomes or its use in clinical practice
Exclusion Criteria
 Studies set in the emergency department, operating theatre or critical care unit  Studies concerning both adult and paediatric patients unless the paediatric data could be adequately separated.
Primary outcomes:
In accordance with GRADE, outcomes were identified and ranked in terms of their importance to patients (Table 2) .
Search strategy
The following databases were searched: AMED, CINAHL, Cochrane Library, EMBASE, and OVID Pubmed (Supplemental data Table B) . A broad search strategy was adopted, informed by the previous systematic review 5 with Medical Subject
Headings (MeSH) and free text searching using keywords in the title or abstract.
Results were limited to papers from 1990 relating to children. Google scholar was searched using the terms paediatric early warning system/score and paediatric rapid response/medical emergency team. Abstracts from the annual conferences of the After removal of duplicates, the title and abstract of records were independently screened by two researchers (SC and JW). The full-text of 155 papers were reviewed. Eligible studies underwent manual searching of references and citation searching on the Web of Science database. Uncertainty regarding inclusion of a paper was resolved through discussion within the research team.
Data extraction:
Three data extraction forms were developed based on the initial systematic review. Evidence appraisal and analysis.
PTTS were firstly categorised as 'scoring' or 'trigger' systems. Systems were then classified as being either 'age-independent' (a single system applied regardless of age) or 'age-dependent' (multiple systems with differing age-related thresholds).
Risk of bias for diagnostic accuracy studies was assessed using QUADAS 2 (Supplemental data Table D) . 10 Remaining quantitative studies were assessed against criteria in the GRADE handbook (Supplemental data Table E) . 11 The risk of bias of qualitative studies was not assessed. Pooled risk ratio and 95% confidence intervals for each outcome were calculated using Vasser stats. 12 The overall quality of evidence for each patient-important outcome was ranked following the GRADE approach. Evidence profiles were formulated in GRADE Pro GDT. 13 
Results

Search results
The search was conducted on 27 th May 2016 (Figure 1 , Supplemental data Table B) .
Thirty-three PTTS were identified from 55 papers. Different PTTS with the same name were numbered in order of publication to distinguish between them. Table 3 summarises the included studies, PTTS characteristics and quality rating.
Main characteristics of Patient Track and Trigger Systems
Many systems were minor modifications of previously published systems. Twentyone were classified as 'scoring systems', and 12 as 'trigger systems'. Fourteen were 'age-dependent' and 19 'age-independent'. Three papers 50,66,67 reported use of a PTTS to activate a paediatric RRS but did not describe its characteristics.
There was wide variation in the number and type of parameters within PTTS.
Median parameters per system was 6 (range 3 -19). Some broader parameters shared the same name (such as 'respiratory' or 'cardiovascular') but were constituted from differing component parts or had differing thresholds for scoring/triggering (Table 3 ).
All PTTS included one or more vital signs. Some PTTS parameters combined vital signs with other clinical indicators such as skin colour. Thresholds and age-bandings varied (Table 4) , although many differences were minor. Systems providing additional guidance on 'normal' vital sign values are seen in Supplemental data (Table 7) . No randomised controlled trials were identified.
Effect of Patient Track and Trigger Systems as a single intervention on patient important outcomes
Death -Very low evidence. 
Respiratory arrest -No evidence
No studies examined the effect of PTTS implementation on respiratory arrest in hospitalised children.
Unplanned transfer to intensive care -Very low evidence. 18 The remaining results did not achieve statistical significance.
Diagnostic accuracy of PTTS
Eighteen studies 14, 16, 17, 19, [21] [22] [23] 26, 28, 30, 31, 34, 42, 46, 51, 55, 59, 69 examined the diagnostic accuracy of 14 PTTS to predict patient important outcomes (Table 6 ). One study 22 reported inaccurate values for sensitivity and specificity and the methodology did not permit accurate calculation 70 . The results were therefore removed from the table.
The majority were retrospective studies, which increased the risk of bias. PTTS systems were examined across a variety and combinations of outcomes. Diagnostic accuracy studies have been included as this is an important consideration when selecting a PTTS for implementation.
Death in hospital -very low evidence
A single study of the In-patient Triage and Treatment (ITAT) system, 31 set in a resource-limited environment was examined for the ability to predict death in hospital. The study suffered from data collection concerns as a significant proportion of children were excluded due to missing data. AUROC of 0.76 demonstrated reasonable ability to identify children at risk of death within 2 days.
Cardiac arrest -very low evidence
Three case controlled studies were identified, 17, 55, 59 of which 1 compared the validity of 3 differing PTTS. 17 Similar levels of sensitivity were seen across the differing systems, but specificity varied. AUROC values ranged from 0.73 to 0.91. Triggerbased system 17 appeared to perform less well than the score-base systems.
17,59
Respiratory arrest -no evidence
No studies evaluated respiratory arrest as a stand-alone outcome.
Unplanned transfer to intensive care -very low evidence
Unplanned transfer to PICU was evaluated by 9 studies. 14 
Calibration -No evidence
No studies assessed calibration.
Discussion
PTTS are now an established part of care for children in hospital. Most paediatric centres report using them. 7 There is striking diversity in the components, thresholds 15 set in a community hospital reported a relative reduction in risk of urgent calls to both physician and respiratory therapists, with a predicted absolute reduction of 17 and 6 fewer calls per 1000 patient days respectively. However it is unclear whether low rates of urgent calls is a desirable outcome that ultimately benefits patients.
Implemented as part of a RRS, PTTS demonstrated more positive results and the evidence overall was of moderate quality. There was a statistically significant reduction in the relative and absolute risk of death in hospital, on the ward and following PICU transfer. Childhood mortality remains a rare but devastating event.
The contributing factors are complex, but the failure to recognise serious illness and correctly interpret physical signs correctly has been cited as a significant factor.
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This review demonstrates the potential of PTTS and associated interventions to reduce the number of in-hospital deaths by an estimated 31 cases per 10,000 hospital admissions. Given the rarity of childhood death, this is a significant improvement.
PTTS as part of a package of interventions also had a positive impact on cardiac and respiratory arrests on the ward. When examined separately the quality of evidence was low, however studies of all arrests were of moderate quality. Again, the events are relatively rare and although a significant reduction was seen in the relative risk, predicted absolute effect was low, with only 1 fewer predicted cardiac arrest on the ward per 10,000 non-PICU admissions, and 11 fewer ward intubations per 10,000 discharges. Studies have demonstrated the significant short-term financial cost of paediatric arrests, estimated in 2009 at £3884 and £3569 per event for cardiac and respiratory events respectively. 72 The emotional cost, particularly for children and their families, is harder to quantify but cannot be underestimated.
Unplanned transfer to the PICU generally demonstrated an increase post-RRS
implementation, but studies did not achieve statistical significance. Only the metric of unplanned PICU transfers requiring vasopressors within the first hour was statistically significant, however the effect was not sustained. 12 hours post-transfer, there was no difference between the groups.
Many of the metrics used to assess the outcomes did not achieve statistical significance. The relatively low incidence of these events means that many years of data are required to achieve studies with sufficient statistical power, prompting calls for valid, yet pragmatic measures to be adopted.
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There is low evidence of the predictive validity of PTTS in detecting children at risk of cardiopulmonary arrest or admission to a higher level of care. There remains very low evidence on the ability to predict mortality. The evidence arises from the single centre study in a resource limited setting. This may simply reflect the study power issue with relatively low rates of unexpected deaths in hospital in developed countries.
Scoring systems are generally used with a decision-algorithm, indicating the appropriate action for each PTTS score. This facilitates a graded response, where low scores prompt review by the nurse in charge and high scores require referral to a senior clinician. However, effective use requires appropriate assessment of the degree of risk indicated for each score. To date, no studies have analysed the calibration of score-based PTTS, therefore it is unclear whether current decisionalgorithms are appropriate for the degree of risk.
Limitation of the systematic review
This updated systematic review was restricted to published PTTS and it is highly likely that there are many more unpublished systems in clinical practice. There is a potential risk of bias through non-publication of studies with equivocal or negative results, 73 particularly for locally developed PTTS.
Most studies have been conducted in specialist children's hospitals and the results may have limited applicability to secondary care settings due to the different mix of patients and staffing.
Implications for practice
Our previous systematic review highlighted the lack of evidence to support PTTS.
Validity, utility and reliability were largely unknown. More robust research was called for before more widespread adoption. 5 The situation has improved somewhat in the intervening years. The evidence is stronger for PTTS as part of a package of interventions. This may reflect the complexities of healthcare delivery. Management of complex conditions is rarely resolved by a single intervention, and this may explain the popularity of packages of interventions or 'care bundles'.
There is no consensus on what type of PTTS should be implemented, or on the constituent parameters. Score-based systems may have benefits over trigger systems.
They offer the opportunity to implement a graded response, which may be a better use of resources and expertise. This may be most relevant in centres without a RRS.
Score-based systems have also had more extensive evaluation and demonstrated better sensitivity. Currently the Bedside PEWS has been the most intensively evaluated. This score was developed and tested in a single tertiary centre, but has undergone several further evaluations in other settings and is currently subject to a multi-centre, international cluster-randomised trial in 22 hospitals.
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Implications for research
Further validation studies of existing PTTS are needed to determine their predictive performance in at-risk populations of differing ages and severity of illness. In particularly, testing is needed in a range of settings particularly those outside of specialist children's hospitals. Calibration of score-based PTTS is urgently needed to determine the most appropriate decision-algorithms for the PTTS.
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